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Abstract. The Michelson Interferometer for Passive At- hydroxyl radical (OH). This ultimately results in a lower flux
mospheric Sounding onboard ENVISAT (MIPAS-E) offers of chlorine to the stratospher&/MO, 1995 and therefore a
the opportunity to detect and spectrally resolve many atdower impact on the ozone layer. Although the ozone deple-
mospheric minor constituents affecting atmospheric chem+ion potential of HCFC-22 (CHIEI) is 20 times lower than
istry. In this paper, we describe an algorithm producedthat for CFC-12WMO, 2007, it was decided that the pro-
to retrieve HCFC-22 profiles from MIPAS-E measurementsduction of all HCFCs also needed to be regulated. In 1990,
made in 2003 and present results from this scheme betweetihe Montreal ProtocoldNEP, 1996 set limits on HCFC pro-
300 and 50mb. By comparison with ATMOS (AT-3) ver- duction, with total phaseout planned in developed countries
sion 3 data, we find a mean Northern Hemisphere mid-by 2030 and developing countries by 2040.

latitude (20-50N) HCFC-22 growth rate between 1994 and  The major issue with the production and use of HCFC—
2003 of 5.4£0.7 pptv/yr in the lower stratosphere (LS) and 22 is that it is an efficient greenhouse gas; it is 1700 times
a mean LS Southern Hemisphere growth rate (60S3®f  stronger as a greenhouse gas than an equivalent volume mix-
6.0+0.7 pptv/yr in the same period. We test the feasibility of ing ratio (vmr) of CQ. The radiative forcing of climate due
using a global data set to estimate the chemical lifetime ofto HCFC-22 is currently third amongst all halocarbons at
HCFC—-22 in the LS and we derive this for two regions: 20— 0.208 Wn12 ppbv-! (Sihra et al, 2007), behind only CFC—
50° N (246+38 years) and 60-8@ (27434 years). From 12 (0.32Wnr2ppbv-1) and CFC-11 (0.24 Wnt ppbv1)
these data we note a global LS lifetime of 26%b years, sig-  in importance.

nificantly longer than previous estimates. In January 2004, the global surface mean of HCFC—22 was
160 pptv (derived from NOAA Earth System Research Lab-
oratory (ESRL) flask measurements) and increasing steadily
at 5 pptv/yr.Montzka and FrasgP003 conclude that global
emissions of HCFC-22 rose steadily over the period 1975

In the early 1970s it was discovered that chlorofluorocarbond® 2000, while those of other HCFCs such as HCFC-141b
(CFCs), including CFC-11 (CeF) and CFC—-12 (CGFy), and HCFC-142b started increasing quickly in the egrly 1990s
initiate strong stratospheric ozone depletidvioina and and _then began to decrease afte_r 2000. Accordlng_ to_ data
Rowland 1974. The CFCs are chemically inert in the tro- Provided byAFEAS (2003, the estimated surface emission
posphere, destruction in the stratosphere can occur either Bjf HCFC—22 increased from 210> metric tonnes in 1998
photolysis or by reaction with ®D) (Brasseur1999. All fo 2.4x10° metric tonnes in 2002. Conversely, the esti-
of the chlorine contained in these compounds is released ifnatéd production rate of HCFC-22 over the same period
the stratosphere and then initiates ozone depletion througfctually decreased by-8.0* metric tonnes, from 2.710°

a number of catalytic cycles. Hydrogenated CFCs (HCFCs)M€etric tonnes in 1998 to 110> metric tonnes in 2002.
were seen as a viable alternative to CFCs due to their simi] "0POSpheric measurements made between 1987 and 2002
lar thermodynamic properties and, importantly, their primary PY Rinsland et al.(20058 using a ground-based Michel-

sink which is in the troposphere through oxidation with the SON Interferometer at Kitt Peak in southern Arizona (3N9
111.6 W, 2.09km altitude) show a linear rise in HCFC—

Correspondence td. P. Moore 22 concentrations of 5.660.15 pptv/yr, or 6.4#0.17 %l/yr
(dpm9@le.ac.uk) over the whole of that period. The tropospheric lifetime
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of HCFC-22 has been determined from a number of studture has been previously used to successfully retrieve HCFC—
ies (e.g.0O’'Doherty et al, 2004 Montzka and Frase2003 22 volume mixing ratios (vmrs) from measurements made by
Miller et al., 1998 and has been estimated to vary between 9the ATMOS instrument (e.qRinsland et a].20053.
and 13years. The Oxford Reference Forward Model (RFM) was em-
The decadel lifetime of HCFC-22 in the troposphere al-ployed in order to model the observed spectra measured
lows troposphere-stratosphere mixing to occur and previby MIPAS-E. The RFM is a line-by-line radiative transfer
ous measurements made at Aire sur I'’Adour, France, bemodel, derived from the Genln2 modetdwards 1992,
tween 1982 and 199%ébian and Borcher2001) showed  with the ability to simulate infra-red spectra given the instru-
the presence of HCFC-22 in the stratosphere with a mixingnent lineshape, field-of-view, spectroscopic parameters and
ratio that increased by 78 pptv at 20 km, during the 1982 toatmospheric composition profiles (deép://www.atm.ox.ac.
1999 period. Over the coming decade, atmospheric vmrs ofik/RFM/for further details).
HCFC-22 are expected to increase further as escape from Figure 1 shows the contribution of HCFC-22 to the
refrigeration and air conditioning units continues. If Mon- limb radiance measured by MIPAS-E between 828.95 and
treal Protocol targets are met, decay is then expected to 0d329.15 cnt? at 12 and 21 km in the mid-latitudes (20 to*$5
cur, first detectable in the troposphere and then in the stratoas calculated using the line-by-line Oxford reference forward
sphere. Hence, it is currently important to continue monitor-model (RFM). Profiles for pressure, temperature, HCFC—
ing stratospheric concentrations of HCFC-22. 22 and all the interfering gases over the range were taken
In this paper, we describe an algorithm produced to re-from the version 3.1 mid-latitude day reference atmospheres
trieve HCFC—22 profiles from measurements made by thedf Remedios et al(2007). Firstly, reference atmospheric
Michelson Interferometer for Passive Atmospheric Soundinglimb emission spectra were calculated at a spectral resolu-
onboard ENVISAT (MIPAS-E), and present results from this tion of 0.025 cnt! at 12 and 21 km including HCFC-22 and
scheme. We compare our results from 2003 to measuremengll other emitters in the region. To remove saturation effects,
made from ATMOS in 1994 in the Northern Hemisphere @ second spectrum was calculated at the same resolution with
mid-latitudes (20 to 50N) in a manner similar tRinsland ~ all gases except HCFC-22. Differencing these two spec-
et al. (20053, and then extend our analyses to the Southerrira leaves the radiance attributable to HCFC-22 only. The
Hemisphere Polar region (60 to 88). From this we pro- Same method was used to determine the radiance contribu-
duce estimates of both the mid-latitude and Southern Hemition for each of the other interfering gases; the major contam-
sphere polar trends of HCFC—22 between 1994 and 2003. Finants include CFC-11, g, CIONO;, CO;, H20 and Q.
nally, we calculate the lower stratospheric chemical lifetime The HCFC-22 signal is expected to exceed the MIPAS-E

of HCFC—-22 at two locations; 20 to 581 and 60 to 80S. noise equivalent spectral radiance (NESR) between 828.95 to
829.15cn! at 12 km. At 21 km, however, the observed in-

flight MIPAS—E NESR of 20-30 nW/(cfsrcnt 1) (Klein-
2 MIPAS—E measurements of HCFC-22 ert et al, 2007 is important with only the peak of the
829.05cm! Q-branch visible above this NESR level. As
The MIPAS-E instrument was successfully launched on-such, the 829.05 crit Q-branch may still be visible in 21 km
board the ENVIronmental SATellite (ENVISAT) in March spectra and provide some useful HCFC-22 concentration in-
2002 as part of an ambitious and innovative payload. Theformation. We see that the 828.95 to 829.15¢megion is
ENVISAT is in a polar orbit at an altitude of 800 km, with an therefore most suitable for retrievals from the upper tropo-
orbital period of about 100 min and a reference orbit repeatsphere and lowermost stratosphere and is used in this study.
cycle of 35days. The MIPAS—HE-{scher and Oelhafl996 The microwindow used for total particle extinction retrieval
Fischer et a).2007) is a Fourier Transform Spectrometer that is 832.3—-834.4 cmt, based on the findings @pang et al.
provides continual limb emission measurements in the mid(2004, who characterise this region as being particularly
infrared over the range 685-2410cth(14.6-4.15um) atan  sensitive to aerosol and cloud emissions.
unapodized resolution of 0.025 crh The instrument’s field The retrievals of HCFC-22 vmrs from MIPAS-E data
of view is approximately 330x400km and one complete have been achieved using the OPtimal Estimation Retrieval
limb sequence of measurements in nominal mode consistélgorithm (OPERA), designed to invert MIPAS—E spectral
of 17 spectra with tangent altitudes at 68 km, 60 km, 52 km,measurements which is described in more detaMwoore
47 km, 42 km and continuing downwards to 6 km in 3 km in- (2009 and alsaMoore et al.(2009. In essence, the scheme

tervals. uses the optimal estimation approa&o(lgers2000 to de-
termine the most probable solution consistent with both the
2.1 Retrieval set-up measurements and the a priori information.

Consider the set-up of the MIPAS-E, which makesa-
One of the main vibration-rotation transition features of diance measurements at different limb altitudes. A set of
HCFC-22 is the 2, band with an intense and very narrow parameters (the state vecigrare determined from this set of
Q-branch centred at 829.05ci(Varanasi19929. The fea-  measurementy]. The aim of the retrieval is to gain as much
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information abouk giveny. The associated random error of F22_0201 midl (12 km)

the measurements, the measurement noise, is denoted by the B HCFC-22

vectore. N % HO
The state vector and the measurement vector are related by. "%} + co,

a forward model,FF(x), which attempts to approximate the § A O

atmospheric physics involved. Assuming a perfect model: £ 10 2 2':’:0:1

[} -
y=F@x)+e @ & ® c,

i 828.95 829.00 829.05 829.10 829.15
The forward model incorporates knowledge of how the wovenumber(cm™")

instrument works, coupled with how the measured quantity
from the instrument (radiance for MIPAS-E) is related to the =
desired quantity (for example volume mixing ratios).

The remote sensing retrieval problem is non-linear and so
simplifying assumptions are made to reduce the problem to §
a linear one. Optimal estimatioR¢dgers2000 provides a
linearized form for an estimate &f(the atmospheric profile)
that is based on a prior estimatg of the state and the set of
measurements from the instrument:

F22_0201 midl (21 km)
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x = Gy + (In — GK)x,4 (2)

Fig. 1. Plot of modelled radiance contributions from the dominant

whereK is the Jacobian matrix (5 =dyi/dx;) andG is the radiatively active gases in the 828.95 to 829.15¢mange in the

gain matrix given by: mid-latitudes (20 to 68). The black dotted line represents a “typ-
T 1 ical” MIPAS-E in flight noise equivalent spectral radiance (NESR)
G =S K" (S +KS,K™) (3)  of30nwWi(cn? srent by, for band A, based on the findingsilein-

. . ert et al.(2007).
S. is the covariance at, about the exact state, aigj the

covariance ofy about the perfect measurements that would
arise from the exact state. F8, the off-diagonal elements
were determined by a first order auto-regressive model with g4educes the error. In our successful retrievals, the scheme
vertical correlation length of 6 km. With uncorrelated a priori converges within three to six iterations.
data (off-diagonal elements &, set to zero) retrieval oscil- The OPERA performs a joint retrieval of HCFC-22 and
lations occurred. Introducing a correlation length of 6 km total particle extinction on the same vertical grid as the mea-
efficiently reduces these oscillations with the trade-off of re- surements by calculating a mean spectral radiance at each
ducing the vertical resolution of the observations from 3 km altitude in two distinct regions: one sensitive to the target
to around 4km. The off-diagonal elementsQ)f were set  gas and the other to total particle extinction. This approach
to zero (assuming no noise correlation between different alallows retrievals to be performed in the presence of thin
titudes). cloud/aerosol in the upper troposphere. However, thicker
If the problem is not too non-linear, then the Levenberg—clouds will still cause problems and so cloud flagging with
Marquardt iteration technique can be used to find the besh standard MIPAS-E technique was used. Clouds were de-
estimate of the statet,. The technique is similar to Gauss- tected using a simple ratio approach by computing a ratio
Newton iteration but with the addition of an extra constant between the mean radiance in the 788.2 to 796.25'camd
term, y, which aids convergence. The iteration equation is832.3 to 834.4 cm! spectral bandspang et a).2004 with
written as: a threshold value of 1.8. If ratios below this value were
found in a profile between 9 and 21 km the whole profile
was flagged as cloudy, no retrieval performed on the scan

xig1 =i +[(1+ )8 + KiTSy_'lKi]_l (4) and the scheme then analyzes the next scan. Pressure, tem-
{KiTS;l[y — F(x))] - S;l[x,- — xal} perature, water vapour, ozone and nitric acid vmrs, neces-
sary in the forward model to compute bdthand F, were
whereF is RFM modelled radiance. taken from offline level 2 products from the MIPAS-E pro-

The value ofy is initialised to a small value of one. If the cessor (version 4.61). A priori HCFC—22 vmr information
value obtained from the iteration reduces the error, the newvas taken from the version 3.1 climatology files Bfefne-
estimate x; 1, is accepted angt is divided by ten. If the dios et al, 2007 with an assumed uncertainty of 100% on
error increases ox; 41 however, thery is multiplied by ten  the profile. Volume mixing ratio information for other con-
and Eq. 4 is solved again until an increment is obtained thataminants in the target gas and total extinction microwindows
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10~ T T T T T ment gain and instrument offset were taken to be 2% and
2 nWi(cn? srenm 1) respectively $pang et a).2009. Spec-

S vaul 4Cy O PRE troscopic inaccuracies of HCFC-22 cross-section data were

f O TEM set to 3.5% Clerbaux et al.1993. The total error on a sin-

! A H20 gle retrieved vmr was below 50% at pressures above 100 mb,

: + Co2 and in the 'best case’ better than 30%. Systematic errors
_ * CFC=11 are dominated by the spectroscopic measurement uncertain-
2 : ¢ CioNo2 ties of HCFC-22 (3.5%) propagating into the retrieved vmrs.
- 200k e\ ’O" E A GAN | The error contribution due to other gases in the microwindow
2 ¢ SPEC was dominated by uncertainties in CFC-11.
[ v
a \

2.3 Retrieval characterization

N There are many ways to characterise the data quality of a
300 OHE® +OAF } single profile retrieval such as averaging kernels, informa-
tion content and the degrees of freedom for signal (dfs) of
the measuremenRpdgers 2000. Figure 3 shows repre-

400l il sentative averaging kernels for a single mid-latitude pro-
0.1 1.0 10.0 100.0 1000.0 file of MIPAS—E data in 2003; HCFC-22 averaging kernels
VMR error (%) are strongly peaked above 0.4 in the upper troposphere and

lowermost stratosphere. The area of each averaging kernel

Fig. 2. Mean global error budget for HCFC—22 vmr retrievals. ShOWn in Fig.3is close to unity, indicating that the retrieval
The solid black line represents the total error on a single retrieval'esults are nearly free of a priori influence. The width of
The random (dotted) and systematic (dashed) component of th@n averaging kernel determines the vertical resolution of a
error are also shown. Systematic errors are dominated by presmeasurement and is also used to ascertain the information
sure (“PRE"), HCFC-22 spectroscopy (“SPEC"), gain, temperaturecontent and degrees of freedom for a measurement. We find
(“TEM”), CIONO3 and CFC-11 uncertainties. that the vertical resolution of the HCFC-22 observations are
generally between 3 and 4 km, although at pressures below
100 mb the vertical resolution is between 5 and 6 km. Be-
also came from the version 3.1 climatology filelRefmedios  tween 50 and 300 mb (approximately 9 to 21 km) we gener-
et al.(2007). Spectroscopic data were taken from HITRAN ally observed between three and four degrees of freedom in

2000 Rothman et a).2003. the five MIPAS-E measurements in that height range; this in-
formation was highest at the summer pole (between 3.5 and
2.2 Retrieval errors 4) and lowest at the winter pole (between 2.5 and 3).

A detailed HCFC-22 error analysis is shown in Rgran- 2.4 Processing of OPERA data
dom, gystematlc_and tota | errors). The random errors AfiCFC—22 retrievals were very sensitive to random error
comprised of retrieval noise and model parameter error. FotCIS there exists only nine spectral points in the 828.95 to
the model parameter error, the one sigma uncertainties fo§d29 15 et microwindow. In the results section we have

pressure, temperature, water vapour and ozone were derive ) :
) ) averaged profiles for the global mean and also by latitude
from an analysis of MIPAS-E level 2 data and applied for ged p 9 y

. - band and as such the propagation of a priori information into
each gas. The one sigma uncertainties for the other conta bropag P

nlﬁe final result must be taken into account. A bias correction

inants were taken from the standard reference atmospher%§ up to 0.8% was applied for the a priori influence, follow-

e e B ! 410 Bgess L 42004, where e measuremeof

data. An uncertainty of ZO%ghas been indicated for MIPAS— rue atmosphere can be determined using the a puaji (
' .~ the defined a priori variances(), the retrieved £) profiles

E water vapourl(ahoz et al.2004), 10% for ozone Cortesi and the retrieval error varianc,() information:

et al, 2007 and 15% for nitric acid \(Vetzel et al. 2007). '

Uncertainties of 1K for temperaturdidolfi et al, 2007 PN _ _ -1

and 4% for pressuréR@spollini et al, 2006 were used. Al- m = (/5= a/S)(1/5=1/5) ©)

though a systematic bias in the atmosphere files for the other

contaminants was expected to be small, we assumed a 10% Results

uncertainty for each of them. The errors due to uncertainties

in these gases were likely to be lower in the real measureAlthough surface measurements of HCFC—-22 vmrs are rou-

ments than calculated here. The uncertainty of the instrutinely performed [e.g. the ESRL surface netwddontzka
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Fig. 4. HCFC—-22 vmr retrievals from 6434 converged profiles from
2003. Means by latitude band are also shown.
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3.1 Zonal mean profiles

400 ||||||
-0.2 00 0.2 04 06 0.8 1.0 The global mean profile from the 6434 converged profiles

from 2003 is shown in Figd. Although data were retrieved

at five MIPAS—E measurement levels between 9 and 21 km,

Fig. 3. Representative averaging kernels for a single mid-latitudeWe decided to restrict our analysis to data at heights where

HCFC-22 retrieval in 2003. The five measurement levels are althere is more information ',n Fhe ret”e‘,’a' arnsing fr‘?m the
310mb, 195mb, 125mb, 70mb and 40 mb, corresponding to thdN€asurement than the a priori information by analysis of the
equivalent MIPAS-E nominal altitudes of 9, 12, 15, 18 and 21 km. Fisher information matrix described Bodger2000, cor-
There are almost four degrees of freedom for these five measurg’ecting for the remaining small a priori bias using a technique
ments. The highest peaks are at higher pressures. The dashed blagdiscribed in SecR.4. The global mean data shown display
line represents the sum of the rows of the averaging kernel at eachoth a tropospheric and stratospheric component; as HCFC—
tangent pressure 22 is purely anthropogenic in origin the decrease in vmr with
increasing altitude is due to increasing photolysis.

The global mean surface vmr of HCFC-22 for 2003 (de-
rived from ESRL flask measurements) was 158 pptv. This
compares quite well with our mean MIPAS-E vmr at 300 mb

et al, 1993, measurements of HCFC-22 vmrs in the upper of 177+17.5 pptv where the error is the systematic uncer-
troposphere and lower stratosphere are generally limited t@ainty; the random error on the mean at 300 mb was 0.5 pptv.
infrequent balloon or aircraft measurement campaigns. Solalt is important to note that our data are only slightly Northern
occultation limb measurements by ATMOSynson et al.  Hemisphere (NH) biased (56% of data points, 3590 profiles)
199 or more recently from ACERernath et al.2005  compared to the Southern Hemisphere (SH) (2844 profiles).
have provided valuable information on the vertical profile It has been shown byaugh and Hal(2002 that there is an
of HCFC—-22 but global coverage is only achieved in theseinterhemispheric variation in gas concentrations with an an-
cases if many months of data are combined. The MIPAS—-Ehropogenic source; interhemispheric transport takes around
has provided global limb measurements of the atmospherene year. For a gas such as HCFC-22, with an annual growth
since September 2002 albeit with interruptions due to ice derate of 5 pptv/yr, the mean NH tropospheric surface HCFC—
contamination and problems with the interferometer slides. 22 vmr in 2003 was 166 pptv compared to 150 pptv in the SH
(based on ESRL flask measurements).

For this study we have retrieved HCFC-22 vmrs and total Due to the large number of retrieved data we also in-
particle extinctions from one week of data from each seasorvestigated latitudinal variability of HCFC-22 with the re-
in 2003; these data were recorded at high spectral resolutiosults overlaid in Fig4. In particular, the polar data show
(0.025cnTl). Weeks were chosen that had very good datagood agreement in profile shape but at 300 mb the North-
availability for both the measured level 1b (calibrated andern Polar mean was 8 pptv higher than the Antarctic mean.
geolocated) spectra and offline (version 4.61 and 4.62) leveMid-latitude data also showed good profile shape agreement
2 data for pressure, temperature, water vapor, nitric acid anevith no systematic hemispheric differences; however, below
ozone. Zonal mean profile results are shown from 8 to 14the 200 mb pressure level the mean NH HCFC-22 vmr is
January (2192 profiles), 15 to 21 April (1295 profiles), 8 to 5 pptv greater than in the SH. Finally the tropical data, al-
14 July (711 profiles) and 15 to 21 October (2236 profiles). though expected to be mostly tropospheric and therefore not

averaging kernel
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78 D. P. Moore and J. J. Remedios: Growth rates of stratospheric HCFC-22

spheric growth rate of HCFC-22 from individual surface
stations. Little is known, however, about the stratospheric
growth rate of HCFC-22.

We have calculated the average stratospheric growth rate
- 1 of HCFC-22 by comparing target vmrs withp@® for both

2001 ] ATMOS (version 3 data; 3 to 14 November 1994) and

MIPAS—E (version 4.61 data; 15 to 21 October 20@kins

] et al.(2004 used NOAA/ESRL measurements of@® vmrs

i to calculate a tropospheric 2003 global mean of 318 ppbv;

1 therefore, we assume that where MIPAS—ECNvmrs are

less than 318 ppbv, the measurements are likely to be strato-

spheric. MIPAS—E NO has a precision a£10% and shows

a positive bias with respect to several types of correlative

measurements in the UTLS at pressures greater than 100 mb

I ] (Camy-Peyret et 312004). As such, we believe a 318 ppbv

50 i cut-off is conservative for this purpose but assign an error of
I T 10% between 20 and 3N and 5% between 60 and 88 for

R R AR S P B S MIPAS-E N>O based on a direct comparison of meafON

180 200 220 240 260 280 300 320 with expected tropospheric values (R. Leigh, personal com-
N,O volume mixing ratio (ppbv) munication).

LA DL L I B BN
250 F O OPERA HCFC-22/MIPAS—E N,0 (Oct, 2003) -
A ATMOS data (Nov. 1994) 1
—— ATMOS dato + trend

HCFC-22 concentration (pptv)
o
o
T

_ _ We report the average lower stratospheric growth rate of
Fig. 5. ATMOS (AT-3, version 3) data and MIPAS—E data (ver- HCEC—22 between 1994 and 2003 for both the NH mid-

sion 4.61 for NO) between 20N and 50 N. Open triangles and - . .
open squares display averages in 5pptONntervals. The one latitudes (20 N to 50¢° N) and, for the first time, the SH polar

standard deviations of both the ATMOS and the OPERA derived'€9!0N (60S to 80'S). Qur analysls extgndg between 309

HCFC—22 vmr data within each bin are also shown. The dashedNd 50 mb for each region, a critical region in terms of cli-

black line represents the “expected” growth in both HCFC—22 andmate study, where the vmr of HCFC-22 is expected to de-

N,O since the ATMOS data in 1994 based on the observed trendrease with heightHabian and Borcher2001). We restrict

in global average surface measurements made by ESRL since thaur analysis to data at heights where there is more informa-

time. tion in the retrieval arising from the measurements than the a
priori information by analysis of the Fisher information ma-

. trix described byRodgerg2000. Note that we also correct
to show a decrease in HCFC—22 over the measured levelgq, (e remaining small a priori bias, using a technique de-

does show some unexpectedly high HCFC-22 vmrs at apg.riped in Sect2.4.

proximately 150 mb of over 195 pptv. The exact cause of _. .
this anomalously high HCFC-22 is most likely due to resid- Mlll?ggreé’ ﬁ%nll%argg AT(';AOS:CFC_ZS&ang)ﬁa ¥Vr']th
ual cloud contamination in the tropical UTLS spectra, not de_HCFC _22 - abn N()j bet\éveeg ) to - 1he
tected by our cloud detection ratio of 1.8reenhough et al. —4£ Vmrs were binned by > ppoyG mcrements, ave
(2005 explored the use of the cloud index (Cl) for cloud- eraged3 thg standard error of each bin determlned and dis-
flagging MIPAS-E data and calculated that the CI thresh—played In Fig.5. Atotal 0f 941 MIPAS-E data pomts and 238.
old of 1.8 corresponds to effective extinctions of B0~ ATMOS data points of HCFC—-22 have been included for this
to 2x10-3km~1 at altitudes of 12 and 18km respectively comparison. It has been calculated that the systematic errors
in the tropics. Although we use a low CI threshold of 1.8 dominate our HCFC-22 error estimate and are of the order

' : ; _.0f 5% for HCFC—-22 from MIPAS—-E in the mid-latitudes (50
these results show that it may be necessary to increase thcér

y y to 300 mb). The version 3 ATMOS data for HCFC-22 have

Cl threshold in the tropics, possibly up to a value of 4, to
flag all cloud-contaminated spectra in the tropical upper tro-2 quoted accuracy of 11% and fop® 5% over the same
pressure rangéAprams et al.1996.

posphere.
From these data, we have derived an average HCFC-22

3.2 Trend analysis growth rate of 5.40.7 pptv/yr (3.5:0.4%l/yr) in the mid-

latitude stratosphere (20 to 5R) between 1994 and 2003.
As outlined in the introduction, the global surface vmr Our measured percentage growth rate is slightly lower than
of HCFC-22 has been monitored since 1992, through theghe 3.92:2.08%/yr determined byinsland et al.(20053
ESRL, with a near-linear rise of 5.2 pptv/yr measured be-who compared stratospheric ATMOS-3 (1994) and ACE
tween 1992 and January 2004. There have been several stu(®004) HCFC—-22 near 3IN. Our comparisons for the mid-
ies (e.g.Miller et al., 1998 O’Doherty et al, 2004 Irion latitudes are similar to ACE as they cover an equivalent range
et al, 1994 Rinsland et al.20050 to monitor the tropo-  of altitudes.
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We also report, for the first time, a Southern Hemisphere
growth rate of HCFC-22 in the lower stratosphere°(®0
to 8 S), Fig. 6. Using the same technique as for the
mid-latitude estimate and measurements over the same pres- -
sure range (420 MIPAS-E data, 286 ATMOS data), we__ [ T ATMOS doto + trend ]
estimated an average yearly growth rate in HCFC—22 of% 200} .
6.040.7 pptv/yr (4.3:0.5%) between 1994 and 2003. Con- I 1
sidering that the age of air at 20 km between 60 antiB0
is on average around 4.5yeasn@rews et al. 2001 our
stratospheric growth rate is likely to be similar to the tro-
pospheric trend between 1989 and 1998. A regular observag
tion program of tropospheric HCFC-22 vmrs have been car
ried out at Cape Grim, Tasmania (48, 144 E) since April
1978. Miller et al. (1999 report a SH tropospheric growth
rate from this station in 1992 of 545.1 pptv/yr, slightly
lower than our 1994 to 2003 measurement. By mid-1996
howeverMiller et al. (1998 report an increase in the Cape
Grim HCFC-22 trend to 6:80.1 pptv/yr, more consistent L
with our measurements. Our S_H growth rate is 0.6 pptv/yr 100 150 200 250 300
greater than that we measured in the NH, but the errors over- N,0 volume mixing rotio (ppbv)
lap.

_The gradlen_t of the fit to HCFC_Z? anc_lz_ shown in Fig. 6. ATMOS (AT-3, version 3) data and MIPAS-E data (ver-
Flgs._5 and 6 is re_lated to the chemical lifetime of both ;o 461 for NO) between 60S and 86 S. Open triangles and
species. The basis of tHélumb and Ko(1999 approach  gpen squares display averages in 5ppl®Nntervals. The one
to estimating the chemical lifetime relies on the fact that standard deviations of the OPERA derived HCFC—22 vmr data
long-lived species in the stratosphere exhibit an “equilib-within each bin are also shown. The dashed black line represents
rium slope” determined by a balance between photochemicathe "expected” growth in both HCFC-22 and® since the AT-
changes and transport processes. As the local stratospheMOS data in 1994 based on the observed trend in global average
lifetimes of NbO and HCFC—22 are longer than the timescale surface measurements made by ESRL since that time.
for horizontal transport, their correlation is compact (Flgs.
and6). The linear correlation obtained gives the ratio of their

250 O OPERA HCFC-22/MIPAS—E N,0 (Oct, 2003) -
I A ATMOS dota (Nov. 1994) 1

150

ncentration (p

100~

HCFC-2

lifetimes via: spheric HCFC-22 lifetime we derive are higher than the
modeled global lifetimes derived bfvallone and Prather

L doz 01 (6) (1997) [205 years],Kanakidou et al(1995 [214 years] and

2 doyoz Spivakovsky et al(2000 [229 years]. We therefore confirm

wheret; and, are the lifetimes of gas 1 (here HCFC—22) that the stratospheric lifetime of HCFC—22 is significant and
and gas 2 (MO) respectivelyg; ando> are the (mean) mix- could be longer than previous estimates. Finally, the ratio of
ing ratios of HCFC—22 and 2D respectively ando,/do1 the HCFC-22 lifetime to that of pO is between 2.2 (20 to

is the slope of the linear correlation. We have tested this2®° N) and 2.4 (60 to 80S).

theory related to reprocessed MIPAS-EQN(version 4.61)

and OPERA retrieved HCFC-22 from MIPAS-E I1b spec-

tra (version 4.61) and have estimated a global average life4 Conclusions

time of HCFC-22 in the lowermost stratosphere. Assuming

an atmospheric lifetime of )0 of 114 yearsIPCC, 2007, HCFC-22 is both an important greenhouse ¢REC, 2007)
using only stratospheric data #8 less than 318 pptv) at and contributes to stratospheric ozone depletioiNEP,
pressures between 50 and 300 mb, we calculate a NH mid1996. Although a critical gas, previous stratospheric mea-
latitude (20 to 50N) stratospheric lifetime of HCFC-22 surements have been limited to infrequent balloon campaigns
of 246+38 years increasing to 2784 years in Antarctica  or solar occultation missions which provide limited latitude
(60 to 80 S). The uncertainty on the lifetime is calculated coverage of data. Regular monitoring of the global lower
from the standard error of the least square polynomial fit andstratospheric distribution of HCFC—-22 is now feasible due to
the estimated accuracy of the MIPAS-E HCFC-22 ap®N the advent of instruments such as the MIPAS—E measuring
data. Within errors, the difference between these two estidimb thermal emission.

mates are not significant. Since, within the errors, the two This work has demonstrated the ability of the OPERA
results overlap, we infer a global stratospheric lifetime of ap-scheme to retrieve HCFC-22 vmrs from MIPAS—E spectral
proximately 26&:25years. These two estimates of strato- data between 9 and 21 km. Based on an error evaluation,
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it is feasible to identify HCFC-22 in individual spectra and Halocarbons and other atmospheric trace species group for mak-
assign 3—-4 degrees of freedom to the retrievals. Averaging HCFC-22 flask data publically available via their website
ing single profiles from many orbits reduced the random (http://www.esrl.noaa.gov/gmd/hatsiVe would also like to thank
errors considerably and the major error source arose fronft Dudhia for providing us with the Oxford reference forward

systematic errors; particularly inaccuracies in the HCF
22 spectroscopy used in the forward model. The yearly
mean polar profile in 2003 shows distinct tropospheric
(173.14+10.9 pptv) and stratospheric (14%®.7 pptv) com-

ponents. The same is true of the yearly mean mid-latitude

profile with tropospheric (174511.8 pptv) and lowermost
stratosphere (162428.2 pptv) components.

C_model (RFM) used in this study.

Edited by: A. Richter
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